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A  <  ’ 

Anailysos  of  Potomac  fllvor  sodlmonts  for  api’roxlmately  20  metals  have  been  made 
using  atomic  absorption  stJcctromotry.  Sample  preparation  bivolvod  extraction  with  water 
and  nitric  acid.  1710  rl\x;r  area  surveyed  extended  from  Key  Hrldgo  to  Plney  Point,  a  dis¬ 
tance  of  9(3  river  miles. 

I)aU  aro  presented  for  the  following  metals;  aluminum,  barium,  cadmium,  calcium, 
-hromlum,  cobalt,  copfxir.  Iron,  load,  lithium,  magnesium,  manganese,  nickel,  potassium, 
silver,  strontium,  vanadium,  and  r.lnc.  A  few  analyses  wore  also  made  for  mercury. 

I.oad  content  was  highest  at  the  Woodrow  Wilson  and  flouto  301  Hrldges.  Cojipor," 
chromium,  and  nickel  concentrations  at  Woodrow  Wilson  Hrldgo  and  PIscataway  Creek 
n|>|ioar  to  Im  associated  with  major  waste  treatment  plants  whoso  outfalls  are  In  the  vicinity, 
litgli  vurcentratlons  of  manganese  w«rw  found  In  an  undeveloped  section  of  the  river* 
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A  ns  rn  ACT 

Anal  \ SOM  ol  I’otdnru'  Kivcr  sodlmontH  for  npproxirtiiUely  20  rnetalH  have 
h('*'n  m.iilo  usin>'  .itumlc  ahsorptlon  spoclromolrv.  Sample  preparation  Involved 
(’Ntraetlon  with  water  and  nltjie  acid.  Tho  river  area  '’iirveved  oxtended  from 
Key  nridi;!'  to  I’mev  Point,  a  dls'ance  of  9C*  river  miles. 

Data  are  presented  for  the  followinj?  metalH  aluminum,  barium,  endir'ium, 
calcium,  chromium,  cobalt,  copper,  Iron,  lend,  lithium,  mai'nec.lum,  manKanese, 
nickel,  |X)taMalum,  «llvor,  Htrontium,  vana<ilum,  and  /.inc.  A  few  analvKes 
were  niRo  made  for  mercury. 

Lead  content  was  h<(fho«l  it  the  Woodrow  Wilson  and  Route  .'101  Ilrldt^es. 
Copper,  chromium,  and  nickel  concentratlon.s  ;,t  Wocxlrow  Wilson  Hridf'c  and 
Placataway  Creek  appear  to  bo  ass  lelated  with  major  vvaste  (reatmcnl  plants 
v^hose  outfalls  ire  in  the  vicinity.  IIlK'n  con,'(;ntratlon£  of  manijanesc  wore 
found  in  an  undeveloped  section  of  the  n.'’r. 
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iNTHonrcTio?': 

I;>  ()rd»’r  to  cviiluato  tlic  oflcvt  of  liu*  iullviti»'«  of  the  Naval  Ordnatice 
Station  at  Indian  lload,  Md. ,  on  (lu*  Potomac  Kivcr  M.stuarv,  a  stndv  was  made 
of  th('  water  and  t'cdiii\cn(H  of  the  lower  river,  l  articularlv  will;  iricrcncc  (o 
hcaw  metals.  Two  nones  ol  .sediment  samples  were  analy/ed  fop  ;i|)|>roMina(el v 
20  metals  and,  for  those  samplinj'  locations  .it  wliieli  marked  \ariat;on  m  mtt.ils 
content  wa.s  noted,  a  third  se,  of  samples  was  analyzed  for  certain  critical 
mntalfl. 

Previous  work  on  water  samples  from  areas  adj.icent  to  the  Naval  Ord¬ 
nance  Station  had  indicated  that,  while,  In  most  eases,  the  amount  id  heavy 
ntctals  In  the  estuary  water  was  low,  a  buildup  of  sir  h  metals  In  the  river  bottom 
waa  a  dltdlnct  possibility, 

Ik'cnusc  of  the  oscillatory  motion  of  the  u.atcr  under  the  Itifluenei's  of 
tidal  forees,  samplini;  loo.itlon.s  ranged  fiom  Key  Bridge  {2l>  miles  upstream) 
to  PIney  Point  ('If?  mlle.s  dow'iistroam).  The  section  of  the  Potomac  Biver 
upstrc.im  from  Indian  Mead  to  Key  Bridge  la  tld.il  Init  contains  relatlvidv  fresh 
waiter,  Th^  transition  zone  from  fresh  to  brackish  water  occurs  In  the  region 
from  Indian  Mend  to  (ho  haute  .'lOl  Bridge,  A  list  of  sampling  stations  Is  given 
In  Table  I, 

Both  water  and  sediment  samples  were  cr, Heeled  by  personnel  of  the 
Chesapeake  I-nbora'ory  of  the  Knvlronmeatal  Protection  Agency.  .Surface 
samples  for  chemicai  analysis  were  taken  by  dipping  a  pla.stlr  bucket  u  largo 
funnel  Into  (be  river  water  with  a  mir.lmum  of  agitation.  Water  Hample.s  were 
stored  In  l-gallon  plastic  "cubltalners, "  Bottom  samples  were  taken  using  a 
plastic  \'an  Dorn  a.impler.  'nicse  were  stored  In  1-plnt  glass  jars  with  screw' 
caps. 

To  determino  If  n  seasonst!  elfect  existed,  one  sot  of  samples  was  taken 
In  August  1970  and  another  In  December  1970.  For  sampling  stations  where 
marked  differences  In  metals  concentration  occurred,  a  third  scries  of  samples 
was  taken  h  April  1971,  V,7)lle  primary  l.iterest  was  In  the  toxic  metals  such 
as  load,  copper,  chromium,  mercury,  nickel,  cobalt,  silver,  manganese,  z.lne, 
and  vana'Hum,  various  other  metals  were  also  determlnec’.  These  included  the 
following  alkali  and  alkaline  earth  elements  lithium,  poti  sslum,  magnesium, 
calcium,  barium,  and  strontium.  Iron  and  aluminum  were  also  determined. 

Since  there  is  Intrusion  of  salt  water  Into  the  estuary.  It  was  thought  that  sodium 
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viiliH'.H  Would  :u't  !)«'  psirf  i(  uiarl  v'  mcnu'n,;f,il.  A  nunilx'r  of  (.'loiricntH  IchUuI  for 
It)  till'  sodiUK'fit  ■'i.ii.iui  1’^  woro  foutid  ’•)  l‘o  i  rdi'icn*  -r  vvori'  prcHt  nt  In  :i 
I'oiu't'ut I ’ll  ion  I'olow  ‘lie  di'li'cl  Ion  limit  (or  fix' ;iir)!i  fic.'il  ncIhodH  uuod,  TIiomc 
iiU'iiido  arKoinc.  M'Irnium,  tin,  lii.Hmutli,  molshdi'miin,  iiiiMmonv,  lioron. 
I.iiitliamim,  liinvi'-ti'n.  and  /irconium. 
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it  Ifl  known  (hat  iiany  honvy  motalH  ari*  <*'(tri*tm'iv  toxic  to  marine  life, 

A  Hat  of  the  ranjte  of  concontrntlona  of  the  inoro  conimon  inotnis  which  have 
toxic  cffccia  on  marine  life  la  ^jlven  In  Table  II.  ThoMo  values  do  not  allow 
for  Kynor^^lHtle  cffoci.i  or  (xiHsIblo  concentration  clfe  (a  In  the  various  food 
chains, 
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(.'!)  ir  lift?  init’  nt  r(crl;il  ilnlfirmm.ff  inti  In  nnl  ilcmr'*il.  |»r<»cnci|  fn  Hln|)  (*•) 

(I)  Ailil  .‘M>  ml  of  ilnulile  ills! ill*  i|  nr  ilcinni/cil  wnt 'f  In  the  .H!im;tlc  ;in<!  In 

:i  I'In.tk.  Mnll  f^nnliv  K'  miniifrM,  c<wi|,  .irvf  filter  In’  ilc(  imf.il imi  flii'Mii:h  Ime 

|':ipnr.  Hc|ie:U  fxxicc  innrn  with  H'  ml  nl  wntcr,  UHint^  ;it  Icmf  nfi  ml  nl  w.ili  t 
II  IIm'  lilHt  flllr.ilc  MlinnH  iitn  cnlnr,  rejn  ;l|  Wllli  .i  lli'iil  ID-ml  Jlll'iunl  of  n.'ilcf 
('■ilinct  .'ifid  I'omlilni'  lillrnlcn  ,in<l  l.ikn  to  vnhime  in  ;i  |i'f»-ml  ft.iHk. 

f.’i)  ('ollncl  lltc  rn«i>liin,  Mii.shmtj  It  Into  tin*  ni  it^irinl  hciikfr  with  ;i  mini¬ 
mum  iimmiMt  of  Wilier,  l'r\  In  the  oven,  cool,  :in<lueit’li  (VVI.  Il),  (”.ilei'liiie 
Wilier  Holnhlen  ’  A  -  Ul.  II)  VM.  A.  Cnrrei  l  for  welK'if  Iohh  or  i;:iin 

on  Ihe  I/liiiik  I  i.ikTr,  * 

{'')  !’.»  Ilie  (lr!e<l  H.'iitifile  nfill  In  Dm*  nr4jin.il  liciik*  t,  it;!;!  .'’•)  ml  of  •K'rlone 

Slir  to  wi*t  nil  the  Miimnle,  nrnl  .illow  to  •♦l.inil  nt  le.ist  ;in  inlniileM  w  I'h  (n«j;ienl 
«l!rrli4{.  Filter  liy  <lcc.inl;itinn  tlir'nnjh  fine  filter  |vi|er.  Ile|'riif  until  no  color 
in  ohnrrvrd  In  the  flit  r  ite  — .-it  le.'int  'hree  w  finhitn»n.  (’onililne  the  flllrnti'n  In 
W’t»lKhiM)  cnirlblon.  Air  ilry  unlll  vinihie  .  •«fone  in  none  ir  ’  Ihen  in  the  oven 
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{')  for  1  hour.  Cool  and  wcijjh  (\Vt.  C).  Calculate  %  organics  = 
lOOfWt.  {■  w  U't.  n,/U  t.  A.  ThJ  dried  organic  residue  can  ;:ow  be  used  Tor 
other  test.s,  siich  na  infrared  analysis  and  elemental  analy.sis, 

(7i  Coih'ci  the  realdut-  from  the  acetone  filtration  washing  into  tha 
origin.il  boidter  witf  a  minimum  of  acetone.  Dry,  cool,  and  weigh  (Wt.  D;. 

(8)  Add  .10  ml  of  concentrated  nitric  acid  to  the  sample  and  blank.  Heat 
gently  on  a  hot  plate  until  reflux  starts  on  the  ribbed  watch  glass.  Allow  to 
heat  at  leas-  .30  minutes. 


(9)  Cool  alightly  and  filter  by  decantation  through  hardened  filtered  paper, 
such  a.*:  Whatm.m  No,  50,  Millipore  Kpoxy  filter  membrane,  or  Milliporo 
Versaper  fdter  r  .•mbrano.  Wash  the  sides  of  the  bc.akor  down  with  a  minimum 
amount  of  wate  add  10  ml  of  nitric  acid,  and  herd  10  minutes.  Repeat  step  (9) 
at  Ica.st  twico.  li  the  last  filtrate  is  still  colored,  repeat  the  step  a  fourth  lime: 
any  further  extractions  are  not  doomed  necessary.  Collect  and  combine  the 
filtrates  and  take  to  hiown  volume  (’00  ml)  with  water.  Appropriate  dilutions 
are  made  of  the  acid  extraction  filtrates  for  analysis  by  atomic  f.osorplion 
spectroscopy. 

(101  Combine  and  collect  the  residues  from  the  ncid  extraction  into  the 
original  beaker,  dry,  cool,  and  weigh  (Wt.  K).  Calculufe  'T  acid  soluble  = 
100(Wi.  K  -  Wt.  n)/Wt.  A  or.  If  step.s  (4),  (.5),  (C),  and  (7)  ire  omlaod, 
calculate  acid  solubles  «  10v.'(Wt.  K  -  Wt.  Al  'Wt.  A. 


Atomic  Absorption  Analysis  Method: 

All  atomic  nbsorptl''n  spectrophotomctric  analyses  were  m.'ido  using  a 
Perkin-Elmor  .Model  303  with  direct  digital  readout.  Scttlii.’is  i'sed  for  the 
Individu.i!  metals  were  those  recommended  by  the  manufacturer.  A  platinum- 
titanium  alloy  nebulizer  wa.i  used  to  minimize  vonfaioinatlon  In  the  presence  of 
the  ationg  nitric  acid  used  as  the  solvent. 

The  standard  reference  solutions  were  m.ado  up  In  th.'  same  strength  acid 
as  the  samples.  Three  different  standard  solutions  were  used:  they  were  the 
following: 
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Standard  A 

Ca(+^i%  La203) 

Cd 

Co 

Cr 

Cu 

Fe 

LI 

Mg 

Mn 

Mo 

Na 

Pb 

Zn 


standard  B 

££m 

Standard  C 

EEHl 

1 

Ag 

2 

2 

Al 

10 

2 

Ba 

2 

2 

Bi 

2 

2 

K 

1 

10 

N1 

2 

1 

Se 

2 

1 

Sr 

2 

1 

V 

2 

1 

2 

2 

1 


Tho  three  different  standard  solutions  were  uaed  Instead  of  one  standard 
for  each  metal.  Tests  showed  the  addition  of  I'l  1.8303  for  the  determination  of 
calcium  affected  tho  measurement  of  sone  of  the  metals;  standards  for  those 
metals  affected  were  made  separately  and  labeled  ns  Standard  D.  Silver  standard 
was  used  alone  as  Standard  C;  some  of  the  standard  solutions,  such  ns  barium, 
sodium,  and  potassium,  were  Mic  chlorli'e  salt,  which  would  have  precipitated 
tho  silver. 

Dilutions  of  the  initial  100-ml  extraction  volume  (labeled  Series  A)  were 
made  where  necessary.  It  was  found  that  two  series  of  1-  to  25-ml  dilutions 
(final  dilution  factors  of  2500  for  Series  B  and  r.2, 500  for  Series  C)  allowed 
measurement  of  all  21  metals.  (Orily  19  metals  were  found  In  measurable 
quantities. ) 

Calculations  wore  based  on  tho  weight  of  tho  dried  sn'.iple.  V-Tiere 
applicable,  the  partn  per  million  (ppm)  wore  converted  to  percentage  by  multi¬ 
plying  by  tho  factor  0. 0001  (1  x  10”^). 


_  .  ,  ,  ,  (ppm  In  sample  -  ppm  In  blank)  ,  . 

Total  f  ..vtal  »  --T-r-] - - X  dilution  factor. 


dried  sample  wt.  in  grams 


RESULTS  AND  DISCUSSION 

Data  for  19  metals  for  the  various  sampling  stations  are  presented  In 
TnWo  IV.  Those  results  were  obtained  from  tho  \ugUBt  1970  and  December 
1970  samples  of  sediment.  After  It  was  found  that  considerable  variation 
existed  In  tho  metals  content  for  certain  of  the  satupllng  locations,  a  third 
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series  of  samples  from  these  locations  wis  taken  In  April  1971  and  aniUyses 
made  for  toxic  rneUls.  These  results  are  shown  1".  Table  V.  A  map  of  the 
Potomac  Patuary  showing  the  sampling  points  Is  given  In  Figure  1.  Graphs  of 
the  concentrations  of  18  of  the  metals  at  the  various  sampling  locations  are 
presented  In  Figures  2  through  19. 

Examination  of  Table  V  reveals  the  following  significant  pieces  of  infor¬ 
mation; 

(1)  Lead  content  is  highest  at  the  Woodrow  Wilson  and  Route  301  Bridges, 
both  of  which  carry  heavy  traffic  loads.  TTio  latter  bridge  has  been  In  operation 
at  least  15  years  longer  then  the  former  so  there  has  been  more  time  for  lend 
deposition  to  occur.  Sources  of  lend  may  Include  the  red  primer  paint  coat 

and  particulates  from  the  combustion  of  leaded  gasolines. 

(2)  Copper,  chromium,  and  nickel  concentrations  at  Woodrow  Wilson 
Bridge  and  Plscataway  Creek  appear  to  be  associated  with  major  waste  treat¬ 
ment  plants  whoso  outfalls  are  In  the  vicinity.  Locations  of  these  plnnvs  are 
shown  In  Figure  1. 

(3)  The  spectacular  rise  in  the  copper  concentration  at  the  Route  301 
Bridge  Is  believed  to  bo  caused  by  the  startup  of  a  commercial  power  plant  In 
the  vicinity. 

(4)  The  high  concentration  of  manganese 'at  Smith  Point  In  an  undeveloped 
section  of  the  river  was  unexpected  and  may  be  duo  to  precipitation  at  the  salt 
Intrusion  In  the  deeper  part  of  the  river  In  this  area, 

(5)  For  the  metals  measured  In  April  1971,  the  concentrations  were 
lower  than  In  August  and  December  of  1970.  This  may  have  been  caused  by 
hi  ■  -flow  conditions  during  February  and  March  of  1971,  bringing  about  a 
more  even  distribution  of  metals  downstream  from  Woodrow  Wilson  Bridge. 

(0)  The  erratic  behavior  of  calcium  Is  believed  to  be  due  to  processes 
Involving  Intrusions  of  more  alkaline  water  from  Chesapeake  Bay,  transfer 
from  the  atmosphere,  and  variation  in  uptake  by  shell-forr  ing  organisms. 

(7)  There  are  significant  Increases  In  lead,  cobalt,  chromium,  cadmium, 
zinc,  nickel,  silver,  barium,  aluminum.  Iron,  and  lithium  in  the  area  near 
the  Woodrow  Wilson  Bridge  In  comparison  with  levels  measured  above  and 
below  this  area. 

The  high  values  of  manganese  found  in  the  sediments  between  40  and 
70  river  miles  below  Chain  Bridge  may  bo  related  to  changes  In  such  factors 
as  pH,  redox  potentlej,  or  chemical  composition  In  the  region  of  the  salt  wedge 
•ntruslon.  Sedimentary  processes  Involving  precipitation  and  dissolution  of 
manganese  compounds  are  known  to  bo  highly  complex  and  have  been  dlsoussed 
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In  the  geochemicd  lltorature.  It  may  be  that  the  location  of  tho  high  manganese 
sediments  merely  rooreaonts  one  etage  in  the  ultimalc  transport  and  deposition 
of  manganese  to  the  ocean  depths. 

Precipitation  processes  involving  mangsincse  in  the  marine  environment 
have  been  discussed  by  Kuenon.  (3)  jie  states  that  while  bacterial  activity  in 
the  precipitation  of  manganese  cannot  be  ruled  out,  it  is  likely  that  gradual 
o,xldatlon  of  manganese  in  an  «l!;,'iline  environment  lends  to  deposition.  While 
manganese  In  tho  source  rocks  has  an  average  value  of  0. 17%,  It  comprises 
only  0,01%  in  continental  sediments  and  Is  apparently  leached  out  and  carried 
to  the  sea  in  solution. 

Sedimentary  processes  affecting  manganese  have  been  discussed  by 
Krauskopf.  Two  species  of  bacteria  have  been  found  which  prefer  manganese 
to  iron  and  these  aid  in  tho  precipitation  of  manganese.  The  precipitation  of 
manganese  is  known  to  bo  catalyzed  by  manganese  dioxide.  These  processes 
explain  tho  partial  separation  of  iron  and  manganese  in  deposits  from  lakci> 
and  streams.  Manganese  carbonate  and  sit  lento  are  slowly  soluble  In  weakly 
acid  solutions;  tho  oxides  arc  stable  under  oxidizing  conditions  but  dissolve  In 
a  reducing  environment.  Once  It  ha-  <5on  dissolved,  manganese  dioxide  pre¬ 
cipitates  by  a  slight  change  in  condk,  Krauskopf  believes  that  this  explains 
the  small  manganese  accumulations  in  residual  clays  nnd  stream  channel  deposits. 
Tho  manganese  dioxide  precipitated  In  shallow  water  sediments  is  unstable 
because  organic  matter  reduces  It.  Possible  compounds  of  manganese  are  too 
soluble  to  remain  In  contact  with  sea  water  under  ordinary  conditions  and, 
therefore,  manganese  supplied  to  tho  sea  by  streams  gradually  migrates  to 
deeper  water  whore  the  organic  content  Is  too  small  to  keep  manganese  dioxide 
reduced. 

Some  Implications  for  tho  Potomac  Estuary  may  bo  found  In  tho  study  of 
»he  distribution  of  metals  In  the  bottom  sediments,  water,  tubificid  worms, 
clams,  and  fishes  of  tho  middle  Illinois  River  made  by  Mathis  and  Cummings. 

They  found  that,  except  for  sodium,  the  concentrations  of  extractable  metals 
were  substantially  lower  in  tho  water  than  In  the  sediments.  The  greatest  dif¬ 
ference  in  concentrations  between  sedimonU  and  water  was  obtained  for  copper, 
nickel,  lead,  chromium,  zinc,  cobalt,  cadmium,  nnd  lithium.  Tho  metal  con¬ 
centrations  In  the  bottom  sediments  of  tho  Illinois  River  were,  in  most  cases, 
significantly  different  from  those  of  the  three  nonlndustrinl  use  sti  earns.  Those 
substantially  higher  in  the  scdlmenta  of  tho  Illinois  River  Include;  copper, 
nickel,  calcium,  lead,  chromium,  zinc,  and  cadmium.  Iron  and  cobalt  were 
somewhat  higher  In  tho  nonindustrial  use  s. reams.  Except  for  lead,  copper, 
and  cobalt,  which  were  higher  In  tho  Illinois  River,  metal  a  concentrations 
were  similar  for  the  water  of  both  tho  river  and  tho  nonindustrial  streams. 
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The  authors  reported  that  orKanlams  such  as  clams  and  worms,  which 
live  In  the  mud  or  at  the  mud-water  Interface,  showed  the  highest  metal  con¬ 
centrations  of  metals  found  In  the  bottom  sedlnients  more  closely  than  did  the 
fishes.  Noncanilvorous  fishes  had  significantly  different  concentrations  of 
copper,  nickel,  Iron,  chromium,  and  zinc  than  carnivorous  fishes,  with  the 
noncanilvorous  fishes  exhibiting  the  higher  concentrations  of  these  metals. 
Mathis  and  Cummings'  results  indicate  that  studies  should  be  made  of  the  long- 
range  effects  of  metals  accumulation  In  the  Ijottom  sediments  on  the  biota  of  a 
region. 

In  conjunction  with  the  »'vpan8lon  of  the  lllue  Plains  sewage  trea  .ment 
plant  and  proposaL  for  dredging  in  tl.at  area  of  the  river,  additional  informa¬ 
tion  was  desired  on  heavy  metals  conccntr.atlons  in  the  vicinity  of  Goose  Island 
(Figure  20).  While  the  data  obtained  (Table  VI)  give  a  more  detailed  picture 
of  metals  concentrations  In  tl\o  sediments  of  a  restricted  area,  a  comp.'irlson 
of  these  results  with  the  summary  of  tcxlc  motals  content  of  the  sediments 
for  the  lower  Potomac  Uivcr  (Table  V)  Indicates  that,  for  most  of  the  metals, 
ranges  In  the  river  and  at  Goose  Island  are  not  significantly  different.  In  the 
case  of  manganese,  however,  values  at  Goose  Island  (range,  200  to  1180  ppm) 
were  lower  than  for  the  river  sampling  stations  from  Woodrow  Wilson  Drldge 
to  the  Iloute  301  Ilridge  (range,  018  to  47()8  ppm). 

The  levels  of  mercury  found  for  three  stations  further  down  the  river 
range  from  5  to  26  parts  per  billion  while  those  for  the  sampling  stations 
surrounding  Goose  Island  were  from  0.5  to  13  ppm.  The  highest  value  was 
obtained  at  the  Illue  Plains  Channel  and  is  evidently  associated  with  treatment 
plant  effluents.  The  recsens  for  the  high  concentrations  of  mercury  In  the 
sediments  around  Goose  Island  and  the  long-term  effects  of  such  concentrations 
need  to  bo  investignted. 

To  determine  If  there  wore  local  variations  In  the  metals  concentrations 
of  either  the  water  or  the  bottom  sediments,  samples  of  both  were  taken  at  a 
number  of  locations  around  and  n<IJnccnt  to  the  Naval  Ordnance  Station  at  Indl.m 
Head.  Indian  Head  Is  30. 6  river  miles  below  Chain  Hridge  and,  therefore,  anv 
anomalous  effects  experienced  In  the  metropolitan  Washington  area  should  have 
disappeared  by  the  time  the  liver  reaches  this  nre.a.  Sampling  locations  are 
shown  In  Figures  21  and  22, 

Analysis  of  the  water  samples  Indicated  that  chromium,  cobalt,  cadmium, 
sreenlc,  and  sliver  wore  below  the  detection  limit  (Table  VII).  The  range  of 
manganeoo  was  0  to  0.  9  ppm,  of  copper  0  to  0.  40  ppm,  of  lend  0  to  0.  2  ppm. 
Lend  was  found  to  the  extent  of  0. 1  ppm  In  the  water  of  Muttawomnn  Creek  nt 
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numpy  Oak  Road,  a  location  In  the  nontldnl  portion  of  the  creek.  Its  presence 
here  Is  evidently  from  agricultural  runoff  and  possibly  from  lead  particulates 
from  the  air. 

both  water  and  sediment  samples  from  the  Indian  Head  area  were  analyzed 
for  the  anions  fluoride,  chloride,  and  perchlorate.  Chloride  was  hlgfier  In  the 
water  samples  while  perchlorate  and  fluoride  appear  to  be  higher  In  mud  samples 
A  and  A-1  of  /\prll  1970  (T.illc  VIII).  In  most  ''ases,  there  Is  no  buildup  of 
fluoride  or  perchlorate  In  the  sediments.  These  two  anions  may  occur  In  certain 
process  streams  and,  since  both  calcium  fluoride  and  potassium  perchlorate 
are  only  slightly  water-soluble,  the  fate  of  these  two  Ions  was  of  Interest. 

Examination  of  the  results  of  the  Indian  Head  sediments  analysis  for 
tneials  (Table  IX)  reveals  that  there  has  been  e-xtenslvc  buildup  of  lead  In  the 
sediments  .adjacent  to  the  areas  where  for  many  years  propellants  and  other 
waste  materials  have  been  destroyed  by  burning.  Other  results  different  from 
those  of  the  other  areas  of  the  river  are  the  gonorally  low  levels  of  manganese, 
the  presence  of  detectable  amounts  of  cadmlt  -n  and  arsenic  In  most  samples, 
and  the  erratic  behavior  of  calcium. 

In  conclusion,  it  is  apparent  that  while  most  of  the  metals  present  In  the 
sediments  arc  chemically  bound  and  require  both  heat  and  low  pH  to  convert 
them  to  soluble  form,  disturbance  of  the  sediments — whether  by  turbulence, 
dredging,  changes  In  chemical  and  physical  environment,  biological  activity 
of  organl.sms,  or  other  factors — may  induce  retllstrlbutlon  and  partial  solution 
of  some  of  these  metals.  Since  a  number  of  these  metals  are  highly  toxic, 
the  long-term  effects  cannot  presently  be  determined.  It  is  highly  desirable 
that  further  studies,  particularly  of  the  fate  of  lead,  manganese,  and  several 
other  heavy  metals,  bo  undertaken  to  elucidate  the  mechanism  of  metals  depo¬ 
sition  and  dissolution  in  the  estuarine  environment. 
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